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Space experiments have now definitely established that the distant . -. 
' geomagnetic f ie ld  terminates abruptly rather than simply merging h t o  

the interplanetary field. 

. f ie ld  is termed the hgnetosphere" because the motion and many other 

llhe region occupied by the geomagneUc 

properties of the tefiestr-ial plasma and energetic particlee cantalned / 
t 

I 
I .  therein are controlled t o  a large extent by the geomagnetic field,  

The outer boundary of the magnetosphere is called the "magnetopause" " i , 

posed on the more or  Mss steady flaw are occasional localized enhance- 

in analogy t o  terminology prevalent In the description of the lower 

portions of the atm0spheX.e. The interplanetary plasma beyond the * 

magnetopause is observed t o  f low ever outward from the sun,' and 18 

generally regarded t o  be part of an expanding solar corona.* Super- 

mente in dens%ty and velocity, 

associatedwith flares and other dramatic eyents on the  surfaCe of the 

sun. 

t o  as the "solar wind", and the geomagnetic field that leads t o  the 

formation of the current sheath required t o  tel.minate the geomagnetic 

field. '  A variety of geophysibal phenomena such as maset ic  storms, 

* *  

. 

!they are often, but not always, 
' 

It is the interaction of th i s  plasma stream, generally referred 

I 

I 

1 
/ . aurorae, and ionospheric dis&bances are believed to be closely ' / 

r. 
associated Kith this intenrckon. 

.( 
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Although many details  remain t o  be fi l led in, it is now determined 

that the magnetopause intersects the sun-earth l ine at  a geocentric 

distance of about 10 earth radii, that this distance nppy vary by a few 

earth radii depending on the intensity of the solar wind, and {hat the 

geomagnetic f i e ld  extends t o  much greater distancea on the night side 

I 

' of the ewth  than on the e side. 
8 

The most extensive measurements of magnetic fields and energetic 

particles in the distant sunward portion of the magnetosphere have been 

those ma& by Explorer 12 during the period fsam August $6 t o  Ikcember 16 

in 1961. A sample of data that reveals many features of the conditions 

near the magnetopause i e  shown in Figure l e 3  These are for the  inbound 

pass of September 13, on which occasion the satellite was almdst pre- 

cisely on the subsolar point a t  t he  moment of crossing the magnetopause. 

The authors emphasize that these data should not be regarded as average 

o r  typical, but only as an example of a wide variety of phenomena af 

similar and different nature observed by Explorer 12. 

Data from,the three magnetometers on Explorer 12 are shown on 

Also included is 8 continuous l ine t o  the lower part of eigure 1. 

represent the intensity IBI of the theoretical geomagnetic f i e ld  calcu- 

lated by extrapolation of the values measured a t  the earth's surfece 

under the assumption (not entirely true) that no electr ic  currente 

flaw overhead. 

intensity and direction of the  magnetic f ie ld  actually measured in 

z?psccS 

f i e l d  and the spin axis  of the spacecraft, 

The data points and broken curyes represent the 

rlrh_o wgh d. Iks between the dkkrection of th magne%ic . 

The angle l i e s  
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between the plane containing the magnetic f ie ld  and the  spin axis and 

the plane containing the sun direction and the  spin axis. These data 

show that  the  regular geomagnetic f ie ld  characteristic of the n ~ ~ g n e t o - ,  

sphere was effectively terminated a t  about 8.2 earth radii. The , 

boundary i t s e l f  was about 200 km thick, and characterized by a change 

h &tensity of 8bout 100,' (1 

direction roughly equivalent t o  a reversal. Within the magnetoepheret 

the magnetic f ie ldwas generally of a regular dipole nature, althaugh 

.. 
= 10-5 gauss) and a change h the 

the scalar magnitude of the f ie ld  just  inside the magnetopause m a  

approximately twice the theoretically extrapolated value. Beyond the I 

magnetopause, the magnetic f ie ld  was irregular or disordered, and 

generally weaker than in the magnetosphere. Direct evidence is thus - 

provided for the compression and confinement of the geomagnetic field, 

presumably under the impact of solar plasma a$ described in the 

pioneering theoretical studies comenced over three decades ago by 

Chapan and Zkrraro, and reviewed recently by Chapman.4 

k t a  from'some of the particle detectors carried on Explorer 12 

are shown in the upper part of Figure 1. 

Geiger-slier tube, the shielding of whose active volume correspond 

t o  the end-point range of electrons of energy 1.6 Mev or  of protons of 

energy 20 Mev3 ana a two-channel magnetic electron spectrometer with 

These are an Anton 302 

passbands 40 6 E < 50 key (Spl!) and 80 6 E 6 100 key (SpH) and a 
I 

background detector (SpB). 

ter, the count- rates of both the law-ebergy and the high-energlr ' 

I~I presenting the results f'rom the spectrame- 
\ 
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channels were corrected for the contribution of noncolllmated particles 

by subtracting the rates of the background detector. 

that the net counting rates observed a t  distances greater than 8.2 

The results show 

, 

earth r ad i i  are not discernibly different from the interplanetary . 
values duet presumably, t o  galactic cosmic rays. 

,. 

A0 m l o r e r  12 .. 
1, passed the magnetopause, however, the counting rates innnediatelylbe- 

gan t o  rise and continued t o  do so, though less rapidly, as the-satel-  

l i t e  penetrated a substantial distance into the magnetosphere. MreCt 

evldence is  thus provided that durable geomagnetic trapping of cherged 

, 

particles occurs a t  heights up t o  but not greater than that of the 

magnetopause. 

Although the recognition and verification of an ever-present 

aolar wind has been a development extending over l i t t le  more than the' 

l a s t  decade, the principlee mderlying the formation of the associated 

permanent magnetopause had been determined many years  before, principally 

by Chapan and Ferrm, in connection with the transient problem i n  

I 

, . 

1 
r 

I I. which an m d s e  and rapidly advancing cloud or Jet  of solar plasma is 

,considered t o  engulf the earth and produce a magnetic storm. The goal i: 
1- 

of much of the early work was t o  infer how the stream and the geomagnetic 

f i e l d  would be altered by their  interaction. To attain th i s  goal, 

Chapman and Ferraro simplifies the problem in various ways and proceeded 

r 

k 
with a discussion that was &ly qusntitative and @ly intuitive. 

. 
: 

'phey dealt With solar plasma kree From any magnetic fields, and regarded 
k I 

the earth as devoid of any atmosphere in the region$ penetrated bg the 

X' 

i 
. .  

5 
f ' 
I 

i l  
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Bolar plasma. The plasma was considered t o  be a medium of such high 

electr ical  conductivity that its interior is permanently shielded 
1 
I *  

* 
from a l l  external magnetic fields by electr ic  currents induced in a 

thin surface layer. Interaction between the currents and the magnetic - F 
f ie ld  l e a b  t o  forces that retard the advance of the stream surface. .. 

A $$nee f8e retcrrdPfien'ie wonwifom, the surface would become Uetorted I F 
k -  and the geomagnetic f ie ld  would % a m  out a hollow" i n  the s t r e h .  

I n  this ways the rapid increase of the horizontal magnetic force t h a t  

occurs in the i n i t i a l  phase of a magnetic storm is shown t o  be the 

natural consequence of the rapid approach toward the e d h  of a cloud 

of solar plaems. 

I Out of these and subsequent studies has emerged the formulation 

of 8 precise mathematical model that embodies in an idealizedway so* 

of the more important aspects of the interaction between a stream of 

solar plama and the geomagnetic field. i According t o  th i s  model, the 

magnetic f i e l d  in  the hollow, or the magnetosphere in today's parlanceI 

sat isf ies  thejequations for a s ta t ic  magnetic f i e ld  h a vacuum, that  is 
I 
1! 
I\ 
.: 

d l v l p o  curl g = 0 (1) 

The t o t a l  magnetic f ie ld  B, in the magnetosphere is  the sum of the 
I pennanent magnetic f ie ld  'B and the induced magnetic f ie ld  2' due t o  

9 1 

currents in the stream Burface. The permanent magnetic field is  
i 

I * 
generally appm-ted by a ;three-dimensional Upole singularity a t  

the*er%gixz (the center of the earth)? thus 

t 
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where the coordinate system is fixed wlth respect t o  the dipole axis 

so that  r refers t o  the radial distance f r o m  the origin, 8 t o  the 

polar angle measured with respect t o  the northern extension of the 

dipole axis, and *and 9 are unit  vector8 in the direction of 

increasing 8 and r. 

A .. 
The magnetic moment of the dipole is given by 

Mp = ae%, where ae repksents the radius of the earth (6.37 x 10 a a) 
L 

and $0 represents the Intensity of the geomagnetic f i e ld  a t  th i .  

magnetic equator (0.312 gauds). 

is unknown, it is necessary t o  specify two boundary conditions t o  

determine a unique solution. One is that the normal component of the 

geomagnetic fieldmust vanish at  the interface with the plasma atream, 

Since the location of the boundary 

that is 

(3) . 
A ]ET .ne = Bn = 0 

rU8 
A where I& refers t o  the value of 2 a t  the boundary and ns refers to 

the unit normal. The second is that the pressure exerted on the 

boundary by the particles o f t h e  solar plasma be balanced by the 

magnetic pressure Bs/8Tl'. 

are, in effect, specularly reflected a t  the  boundary, in which case 

2 It is usually considered that the particlea 
I 

(4) 
' where m, n, and 1 refer t o  the mass, number density, and velocity of 

' 

~ . the ions (generally considered t o  be protons) of the undisturbed 
t 
I incident stream, and v refere' t o  the local velocity of th6 surface. 

This problem has not be ,n solved e x s w ,  although Chapman and 

' ' %& have eolyed a mmber*'of related problems intended to illwinate 

N 

d 
c 

. .  

. ' *  .' 
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properties of the anticipated results. 

analyses of the approximation that the intensity of the magnetic 

Use was often made in these 

f i e ld  a t  the boundary is givenby some multiple o f t h e  tangential 
* 

component Bt of the geomagnetic dipole field, that is by 

Bf3 =2% C. ( 5 )  

where f is a constant. 4 

Mrs. Audrey L. h e r s  and the author have recently applied'this 

approximation to the actual transient Chapnan-&rraro problem and 

calculated the deformation of an i n i t i a l ly  flat-faced plasm cloud a8 

it sweeps pest the earth. The results f o r  the equatorial plane. are 6 

shown in Figure 2 far the special case in which the plasma cloud has 

a density of 2.5 protons/cm.3, I s  advancing toward the earth w i t h  a 

velocity of 5oOh./sec., and f is equated t o  unity. The front face 

of the plaema cloud is considered t o  be a plane surf'ace a t  r ight  angles 

t o  the direction of advance when a t  a geocentric distance of 20 earth 

radii .  

cloud are aa ahown. 

counterpart of sketches made long ago on s more qualitative basis by 

Chapan an& Bkrram, i l lustrates  hat  the magnetic f i e ld  shields a 

large region surrounding the earth f'rcnn the solar plasma. 

Successive positions of the front of the advancing plasma 
I 

This figure, which I s  merely the quantitative 

. 

It also 

' i l lust ratee  how the hollow appbacheft its final steady-state form, 
I 

everywhere excegt far downstdm f r o m  the earth, Xithin a few minutes 
I 

of tb ELimLVal sf midi a phPT zluud. 
. I  

. ,  

4 
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With the growing realization of the existence of a permanent 

Solar wind, attention has turned i n  recent years t o  the steady-state 

Chapnan-Ferraro problem i n  which the geomagnetic dipole f i e ld  is 

embedded in  a ateady fluw of infinite extent. 

formulation of the problem I s  identical to that degcribed by equatidne 

(1)through (4) except that the boundary is assumed fixed i n  space; 

(z = O)5. This problem has been studied extensively by several i 

investigators and results obtained using several a f f e r e n t  approaChes 

4 

The mathematical 

*. 
' 

0 ., 

are now i n  substantial agreement. 6?7 

The calculated form of the hollow i n  a steady eolar wind blowiag 

a t  right angles.to the dipole axis is as shown in Figure ]1.8 Sbr 

simplicity, the coordinates of the hollow are illustrated for only 

one quadrant. Those for the other quadrants follow immediately by . 

symmetry. 

monotonically with increasing distance downstream, and t o  approach a 

f in i t e  l a t e ra l  width a t  great distances. 

cavity t o  closl! far bwnstream of the earth, the result is  thought tcb 

be i n  general conformity with the actual shape of the magnetosphere. 

Lack of closure i n  the calculated shape is  the innnediate consequence 

The cavity is found t o  be round near the nose, t o  flare out 

Except for failure of the 

of the assumption that the particles are considered t o  t ravel  in 

straight I.ines without any interaction whatsoever unt i l  they encounter 

the thin current sheath compr sing the boundary. 

is) haKew3rj p r y  eensitive do small  alterations i n  the basic asmnuptione 

The shape of the t a i l  li 
\ 

of the theory. It hss been shown, for m t m c e ,  9*10*u. that  even a , 



very mall pressure applied uniformly over the exterior of the boundary 

resul ts  in a profound shortening of the t a i l .  

other considerations suggest that the stream is not capable of 4 curving 

On the other hand, 
P' 
i 
b 

i 
' sufficiently rapidly t o  follow the contour indicated by these resylts. . 1. .- 

I '  Resolution of this apparent inconsistency mw reside in the possibility -. 1, ' 
A that the downstream portion of the boundary of the geomagnetic f i e ld  i '  

t 
t '  

t 

, ;- 

I'- 

i 

does not necessarily coincide with the boundary of the stream* solar 

plasma. It appears quite plausible, in fact, that  the l a t t e r  may trail 

off from the vicinity of the widest portion of the cavity and enclose 
t 

a dead-Water region of nearly uniform pressure much as in  the more J r  

familiar case of separated We-otrernnline flow of a nonconducting 1 

t 
i 

D 

E 9 fluid. 

It is  thus not surprising that  discrepancies have been noted ~ 

between the calculated and observed shape of the night side of the 

magnetosphere. Direct observations in this region are confined, 5 
. 1  r 

however, t o  the single case of Explorer 10 which measured the magnetic 

f i e ld  and pl&a flux over geocentric distances of 1.8 t o  42.6 earth i 
I. rad i i  during the period March 25-27, 1961. 12,13 It is  found that the 

close-in data are generally consistent with the theoretical f i e ld  E 
i 
i 

r 
i 

t p 
! 

calculated by extrapolation of  surface values. 

between about 8 and 22 earthiradii, the f i e ld  was directed away from 

the BUD. and earth, 

magnetosphere we= not detected. At 

Pgrther out a t  distances 

i 

* 
. 

still confined within the 
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geomagnetic storm commenced suddenly, Explorer 10 evidently crossed , 

the boundary on six principal occasions. In th i s  range, plasma 

ha- a density of the order of 10 pro t~ns /cm.~  and a velocity of 

about 500 b./sec. was observed most of the time. 
. -  

On several occasions, 

however, it disappeared for a period of several minutes t o  about an 

hour, and then reappeared. 

s a t e l l i t e  finds i t s e l f  alternately in  and out of a f a s t  mouing'plasme 

stream is  supported by remarkable and coincident changes i n  the magnetic . 

field. Whenever the plasma disappeared, the magnetic f i e ld  tended t o  

become radial  frm the earth and i ts  strength decreased Bmoothly with 

1 , .  
The m e d i a t e  interpretation that the 

increasing distance from the earth. When the p l a m  reappeared, the 

f i e l d  became irregular, and i t a  mean direction shifted by about 90°. 

The experimenters have interpreted the results as indicating that the 

t a i l  of the geomagnetic cavity in a steady solar wind is  actually 

much broader than calculations based on the Chapman-Ferraro model 

would indicate. 

however, in which the appearance and disappearance of plasma-free regions 

are attributed t o  expansions and contractions of the magnetosphere in 

response t o  changes in intensity of the plasma stream.14 A rather 

particular series of changes i n  intensity is required to  account for  

the observations of Explorelc 10, but eyidence from surface magnetograms 

and A?om the measured p l a q  intensit ies is introduced t o  show that 

An alternative explanation has recently been proposed, 
I 

i 

I 
l c 

such ewnks may w e l l  ham til ,&en place. In corlcluaion, it may be f a i r l y  
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stated that  conditione in  the distant binstream portion of the 

A 

* 

magnetosphere are far from fully described, l e t  alone, comprehended, 

a t  the present time. * 

The underlying cause of the pronounced dent in the higa lati tude - 
mime side of the boundary can be seen upon examination of the - 

0. 

8 .  magnetic f i e ld  l ines  illvetrated in the l e f t  part of Figure 4, 

These results are drawn f o r  a solar wind having a density n of . I '  

2.5 protons/cm.J and a yelocity V of 5MI lun./sec., but can be altered 

easily for other conditions, since a l l  dimensions scale. i n  proportion 

t o  (n$)-1/6. An important point is  that  there is  but $me field line I 

in each hemlaphere that  extends From the earth t o  the magnetosphere . 

boundary. A t  the neutral points where these field linea meet the 

boundary the magnetic field must vanish much ae the velocity of an 

incompressible flow must vanish at  a stagnation point. 

(4) indicates that ,Y.ns must vanish where Bs vanishes in the steady- 

s ta te  Chapman-Ferraro theory, it follow% that the magnetosphere 

boundary is  pkmllel  t o  the direction of the incident stream a t  the 

neutral points. 

. 

Since equetion 
A 

That the boundaly sham. i n  Figures 3 and 4 does not 

satisfy th i s  condition perfectly is a result  of the use of the approxi- 

6,7. * '-I given by equation (5). Numerical results . obtained recently m8'clOI 

without recourse t o  t h i s  appqoximation are more satisfactory i n  t h i s  

i pmticular, and the Indentat i on is elightly deeper in the vicinity of 

The neutral 

1 ,  

5 
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f i e ld  lines that  comprise the boundary diverge from one neutral 
I 

point and converge t o  the  other, and also because charged particles 

from the region occupied by solar plasma m a y  t ravel  d m n  the liJles 

. of force from the neutral point t o  the earth. . .  . 
The dipole axis is not always a t  right angle t u  the direction of .. 

4 Bhr inetbnb mbr wlm;n, saega, if +he wha .ia cansih-t~ t o  t m ~ f ~  ~ 

# ,  

exactly radially outward from the sun, as  in fact  It seems very bear* ' 

t o  do, the inclination o f t h e  solar wind direction as Viewed in  geo- 

magnetic Coordinates varies through an angle range of f 34.50 in tht9 , 

course o f t h e  year. AB a result, calculations similar to  those 

described above using the  approximation of equation (5) have been 

carried through for several orientations of the  solar wind relative 

to  the dipole axis. 15,16917j11 (No comparable results obtained without' 

recourse t o  this approximation have yet been reported,) The results 

for the case in which the solar wind is at maximum obliquity is s h m  

in the right half of Hgure 4. The principal effect is a general 

rotation of the'magnetosphere boundary, as viewed i n  geomagnetic 

coordinates, so that the great open t a i l  continues t o  t r a i l  off in 

the downstream direction. %'be positions of the neutral points mow 

somewhat, as viewed in the same coordinate system, but the change in  

lati tude of these points i s  mcb less than the angular change of the 

stream direction. 

c r i t i c a l  reglow around the neutral mints through which charged particles 

m y  penetrate becomes wr,y a&tric, however, with the sul~pper polar 

'phe degree of exposure t o  the solar stream of the 
I 

4 

f 
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region appearing to  be much more susceptible t o  such entry than the t 
winter polar region. , 

J 1, *. 
Ground-based observational evidence that  such phenomena may , ,  

i :  actually occur is  provided by magnetometer records f r o m  the  polar i... 

regions. 

during the IGY (July 1957 - December 1958) and the Becond Polar ,Year 

(August 1932 - August 1933), and analyzed it in various ways according 

t o  the time of c b ~  and year, and the degree of disturbance of the 

W s h h  has assembled a considerable body of data gathered % 
4 -. 
* -  

d 
; 

world-wide geomagnetic field.18 The results show that  the polar mgions 1;- 
are constantly disturbed, even a t  periods when the planetary geomaepLetic 

f ield is very quiet. Two of the many s~rmary plots presented by 

lkkuahima are reproduced i n  Figure 5. These shuw the latitudinal 

6. 
i 
1 

k: 
i 

k 

E 

distribution of the' average geomagnetic disturbance near the noon and 

midnight meridians for  the cede of 5 = Oo, that  i s  for the very 

quietest times as indicated by the planetary geomagnetic index, a t  b W  

selected sets  of times extending over the entire period of the IGY. I. 

The results S b f  that the magnitude of the polar-cap disturbance is I- 
1 of the order of a few or  several tens of gammas, that both polar caps 

are equally disturbed when the sp-earth l ine  i s  perpendicular t o  the 

geomagnetic dipole axis, and that the disturbances are a maximum a t  

summer noon, and a minimum atrwinter midnight. 

t o  be consistent with what might be anticipated on the basis of direct 

These results appear 1 

;. 
f . . 

invasion of charged particle o r  propagation of l@romagnetic waves irrto 

the polar regions dong the Piela linee *am t b  neutral points C I I ~  the 

.magnetosphem bo\mdsrJr. * 

? 
i '  . 
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Although there is  remarkably good general correspondence between 1 

i .  
e 

I the results of the highly idealized Chapman-Ferram theory and those t I” 
measured in space, it would be an exaggeration t o  claim that all, or , 

.4 E ? ,  . ’ even most, of the important features are described adequately for t j l l  
, 

purposese Already noted is the inadequacy of the theory for the 

diskant night s i b  sf’the &iepletoephere. !Lht~ reoultie a h m  in F$gum Z 
display, i n  addition, the existence near the subsolar point of a”region 

of irregular f i e l d  beyond the  magnetosphere boundary that is  unantici- 

pated on the basis of the classical theory. 

i s  now accumulating that suggests that  the region of irregular fielde 

i a  associated with the existence of a general interplanetary magnetic 

field. 

since both space experiments and ground-based evidence indicate that . 

-. 
L 

A growing body of evidence 

The nature of the interaction can not be simple, however, 

the intensity of t h i s  f ie ld  i s  of the order of only a few gmma during 

quiet times, and i s  therefore much smaller and less  irregular than, 

for  instance, the f ie ld  indicated in Figure 1 beyond 8.2 earth radii. , 

It is  Impbbable that the interplanetary magnetic f ie ld  is suf- . 

f ic ient ly  strong t o  have direct m i c  effects, since the energy 

density B2/8n of the f ie ld  is generally much smaller than the kinetic 

energy density m@/2 of the stream. 

k 

- 
Zbr example, if B = 5 /, 

I 

planetary nmgnetic field has the important effect  of causing the solar 

’. * + 
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wind t o  behave a s  a continuous f luid over length scales that  are 

large compared w i t h  the proton Iarmor radius, i.e. the radius of 

I curvature of the path of a proton in a unif'ona magnetic 'field., The 5 

intensity of the magnetic field required t o  accomplish this effect, 

moreover, i e  not large, since the Iarmor radius is about 600 Ism. far 

a m l m . / ~ e c .  proton in  a magnetic f ie ld  of 5 / ,  vhereae a typical 

1."  

i -  

I 
t 
i. 

. dimension of the magnetosphere is of the  order of 10h. It Is-there- 1"' 

.. 
1, 

fore necessary, according t o  this  view, t o  consider the solar plamna t 

i 

1% - as  a continuous rather than a "free-molecule" flow in i ts  interactioa 

w i t h  the magnetosphere. Bince *her examination shows that the I Alftrell Mach number is greater thari unity, a shock wave in the fonn of 

a detached 'bow wave must be produced upstream 6f the magnetosphere. 

'Phis i s  not m ordinary gasdynamic shock wave, however, but is of the' 

collision-free type relying on nonlinear interactions of magneto- 

nydroayntlmic waves t o  produce the required randomization of particle 

motions. 

. *  i 
Since the scale of the f ie ld  and plasma irregularities is I' 

thus llnked to'the' m o r  radius of the particles, '  and is hence large 

' compared with the dimensions of the satel l i te ,  the region damstream: 

of the shock wave would appear t o  be highly irregular) as had already f< 

1 been obgerved a t  that  time during the f l ights  of Pioneera l9 4, and 5. 
I 

Although the concept6 deecribed above must still be considered 
I 

. 

d 
I 

b 
F 

i .  
t 

1 t 

'somewhat tentative, results, 

*her theoretical stuclies oh the shape and location of the shock wave 

and on the conditione d a t i n g  i n  the traneitibn region between it and 

uch as  those shown i n  Figure 6, of 

I 

.. 5;. ' 
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the magnetosphere appear t o  support the general. interpretation. 20 

Of particular significance i s  the result that  the geocentric distancee 

along the sun-earth l ine to  the boundary of the magnetosphere and to 

the shock wave are about 10 and 14 earth radii. 

shownm t o  be in  substantial agreement w i t h  those observed by 

Pioneers 1, 4, and 5 ,  provided that  the region of fluctuating mqgnetic- 

f i e ld  and counting rate  of energetic particles is interpreted as' 

4 

These numbere are. 

0. 

A 

representing the transition region between the shock wave and the 

magnetosphere. 

resul ts  displayed i n  the mall inserts of Figure 6 for the detailed 

This interpretation is  suggested by the calculated 

. structure of the  transition region,between a steady transverse maep?etiC 

field (the magnetoaphere) and an adjacent p l a m  (the solar wind) 

containing a smsller magnetic field. Bur inserts are presented . 

because the original analysis 21922 discloses the results depend b c 
c r i t i ca l ly  on whether the two magnetic fields are parallel o r  anti- 

I 
parallel, and on whether the AlFven MBch number MA is greater or  l e s s  

than 2. 

wave is less than 2, as occurs w e l l  back along the shock wave i n  general, 

and near the nose i f  the interplanetary magnetic f i e l d  i s  sufficiently 

strong, the calculated magnetic field profiles i n  the transit ion 

! 
i 

1 3  

E. 

If MA' based on the velocity component normal t o  the shock 

1, 
. region are oscillatory and or&rly. If MA i a  greater than 2, as  may 

occur over much of the nope the geophysical shock wave if the trans- 

. *  yerse CaQpPohRlit of 'the ln teqbnetary  magnetic field i e  not too large, 
" 

\ 

4: . 
3 .  

1 

I 

4 
, :  

* :  
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the magnetic f i e ld  in the transition region is very Irregular, 

although s t i l l  oriented in the same direction as the interplanetaxy 

field. 

Comparison of Figures 1 and 6 shows that the magnetic fi'eld . 
measured in space on the inbound paqs on September 13 bears a close 

resemblance t o  the calcuf'ated results for antiparallel f ie lds  with 

MA greater than 2, although results observed on some other occcraione 

have been shown t o  bear a closer resemblance t o  the results for MA 

less than 2.20 It my he observed, however, that  the geocentric 

distance t o  the boundary of the magnetosphere 

somewbat less than in the example presented in Figure 6. 

I 

L . 

in figure 1 l e  

This can 

be accounted fir by asserting t h e  density and/or velocity of the solar 

wind XBB greater a t  t h i s  time than the values used t o  make Figure 6. 

This assertion is supporbedby the fact  that  the geamagnetic field 

observed a t  t h i s  time on the earth's surface was moderately disturbed, 

and by the fact that the experimenters report23 that the magnetosphere 

boundary was,unusually close t o  the earth on this occasion. 

. 

In sumpary, Considerable progress has been made in  recent pars  

in  understanding the nature of the distant geomagnetic f i e ld  and its 

interaction with the solar a d .  Observational data obtained with 

space experiments ha- substantially verified the broad description 

of t4e principal features 04 this interaction provided by the classi- 
! 

Cal theory af C h a w  a d  i rraro. Recent theoretical studies have 
1 

Contributed t o  t e  =re iietliid comparisons pwiding inceaeingiy 

rl )  
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4 
l i  complete knuwledge of the solutions implicit i n  the statement of 

3 I 

BL 

the basic theory. Much work remains t o  be done, however, in I 
ident iving and developing an understanding of the underlying 

causes for several phenomena observed In the data, but not present- 

br 

E -  
* - 

..+ 

ly accounted for by theory. 

oeneeatrakPon of effsrb now going into theee pmb;bme wlll yield, 

It I s  anticipated that  the heam .. 
' 

such a better understanding during the course of the next few years. I -  
It is to btb hoped that  with it w i l l  come an impFoved appreciation for 

the varied a d  subtle links connecting nstural phenomena 6n the sup 

and e-. 
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Mgure Titles 

I 

*-- 

1. Particle and magnetic field measurements with ExploGer 12. (Z'2-m * t 

Freeman, Van Allen, and Cahill, J. kophys. Res. ,  1963. ) 

Successive positions in  the equatorial plane of the front of a 
plasma cloud advanc 

6 c 

- [  2. * 

toward the earth wi th  V = rnIun./sec: and 
. 

t 
n = 2.5 protons/cm r" 

3* Form of the boundary of the geomagnetic f ield in  a steady solar 
wind, as Indicated by approximate solution of the Chapman-Ferraro f 
problem* I F 

I .  

r 

4. Traces of the boundary of the geomagnetic f ie ld  in  the meridlim . 
plane containing the  dipole axis and the velocity vector of the 
incident solar wind for steady flow a t  0' or  34.5O inclination 

~ o ~ ~ ~ s ~ m  .3 

Polar magnetic disturbance near the noon and midnight meridians 
a t  times during the IGY when % = 0, and the sun-earth l ine is  
inclined a t  00 or 34.5O t o  the geomagnetic equatorial plane. 
(From Fukushima, Report of Ionosphere and Space Research in 

i 
omagnetic equatorial plane, v = mkm./sec. , n = 2.5 

5. 
i 

Japan, 1962.) 

. 6. Traces of the magnetosphere boundary and shock wave for a steady'. 

B .I 5 t. solar wind with V - 6001kmi/sec., n = 2.5 protons/cm.3, and t 

(From Spreiter and Jodes, J., Geophys. Res.,1963) ; 
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